Tripsacum dactyloides (L.) L., commonly known as eastern gamagrass, is useful for grazing, stored forage, soil amelioration and conservation, and as a biofuel feedstock. Our goal was to calculate accumulated growing degree days (GDD) from existing datasets collected for eastern gamagrass forage production experiments in northwestern Oklahoma, and discuss the use of GDD, instead of calendar harvest dates, in the production of eastern gamagrass forage. Growing degree days were calculated from 1 January each year using the "optimum day method". For 10 harvest years, the first eastern gamagrass harvest required 690 ± 26 cumulative GDD. Based on long-term weather data from Woodward, Oklahoma, this would place the first harvest on or near 1 June. The second harvest required 635 ± 27 cumulative GDD which would place the second harvest on or near 15 July and the third harvest required 690 ± 23 cumulative GDD placing it on or near 30 August. Each of the 30 harvest required an average of 670 ± 15 cumulative GDD. Using GDD to predict harvest events is a useful tool that forage producer can use in the production of eastern gamagrass forage in the USA and possibly elsewhere.
yield and nutritive value of eastern gamagrass (Dewald, unpublished data, 1975) . These experiments were conducted by the late Mr. Chet Dewald to gain a general knowledge about the crop and to improve the selection and breeding of eastern gamagrass. The information gained from these experiments was generally reported at eastern gamagrass conferences, workshops, and producer groups, but has not been published widely.
For example, Mr. Dewald reported in a discussion section regarding the planting and uses of eastern gamagrass that, "In Woodward, Oklahoma we find that if we cut it (eastern gamagrass) June 1, July 15, and the last days of August, we've got our most TDN (total digestible nutrients) per acre. Now when we cut on 30 day intervals, we had our highest protein percentages. When we cut on 60 day intervals, we had our highest tonnage. But the highest TDN per acre was found using 45 day intervals [3] ". Although information like this was not reported in the mainstream journals, it became the starting point for more detailed agronomic research of eastern gamagrass.
For example, Douglas et al. [4] reported the effects of clipping frequency and nitrogen rates on the yield and quality of eastern gamagrass forage for the southeastern USA.
They found an inverse relationship between clipping frequency and dry-matter yield, higher forage quality with increasing clipping frequency, and a maximum forage yield at a fertilization rate of 450 kg•ha −1 of N. Brejda et al. [5] harvested eastern gamagrass at a frequency of 4-and 6-weeks in Missouri. They reported that three or four harvests were possible during the growing season using a 4-week interval and two or three harvests were possible using a 6-week harvest interval. Crude protein concentration averaged 131 g•kg −1 using a 4-week harvest interval compared to 97 g•kg −1 using a 6-week harvest interval. Total forage yields were higher for a 6-week versus a 4-week harvest interval.
Many warm-season plants are dependent on adequate and timely rainfall and the accumulation of heat units [6] , and eastern gamagrass is no exception. The goal of this paper is to calculate accumulated Growing Degree Days (GDD) from existing datasets collected for eastern gamagrass forage production experiments at the Southern Plains Range Research Station in Woodward, Oklahoma, and discuss the use of GDD, instead of calendar harvest dates, in the forage production management of eastern gamagrass in the USA.
Materials and Methods
All experiments were conducted at the USDA-ARS Southern Plains Range Research and germplasm lines for biomass production [13] . This experiment was planted on a Devol fine sandy loam (coarse-loamy, mixed, superactive, Thermic Typic Haplustalfs)
soil. Eastern gamagrass cultivars and experimental lines used in this experiment included, Pete, Verl, "Bumpers" [14] , "Highlander" [15] , and experimental lines GR, GM, and D1.
In general for all three experiments, plants were grown from seeds in the greenhouse and were transplanted into replicated field plots. During the establishment year, plots
were maintained weed-free by hoeing and plants that died after transplanting were replaced. Plots were burned and herbicide was applied in March each year. Plots were fertilized with nitrogen and forage was harvested three times each year when plants were in the boot-stage of growth. Specific details about plot management, irrigation, rainfall, fertilization, and weed control is presented in the published research [7] [8]
[13].
Local weather data were used to calculate the accumulated GDD for each harvest.
The Southern Plains Range Research Station has operated a weather station since 1914
and it is located within a 500 m radius of where these three experiments were conducted. Growing degree days were calculated from 1 January each year using the "optimum day method" [16] .
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where T max in Equation (1) is the maximum daily temperature and is set to 30˚C when temperatures exceed 30˚C, and T min is the minimum daily temperature and is set to 10˚C when temperatures fall below 10˚C, and T base is the base temperature for the organism. A base temperature of 10˚C was used for eastern gamagrass. Also, the daily GDD was set to zero when the calculated GDD was less than zero. Daily GDD were then summed from 1 January to calculate cumulated GDD for the first harvest date.
Daily GDD were cumulated from the first harvest date until the second harvest date for the second harvest date cumulated GDDs, and likewise for the third harvest. The cumulated GDD for the 10 harvest years, representing 30 harvests were averaged using the means procedure and a standard error were calculated for each mean [17] .
Results
The typical climate at Woodward, Oklahoma, USA is characterized by hot summers, 
Discussions
Degree day accumulation has long been used to predict the initiation of plant growth and development [19] . Similarly, the concept of GDD has been useful for predicting insect emergence in field crops [20] , and the interdependency of insects with field crops [21] . For example, Carlson and Gage [21] found the average time from planting to silking in corn (Zea may L.) was between 710 -825 cumulated GDD for the cultivars studied. They also determined that the first generation large larvae of the European corn borer [Ostrinia nubilalis (Hübner) ] peaked at 650 cumulated GDD and adult emergence peaked at 900 cumulated GDD. Similarly, Springer et al. [22] determined the number of the GDD for the life stages of stalk borer (Diatraea mitteri Solis [23] ) in eastern gamagrass and found that it took approximately 900 cumulated GDD for the insect to complete its life cycle.
Application of the use of GDD takes the guess work out of the harvest management of eastern gamagrass. Each harvest interval requires approximately 670 cumulative GDD. This value should be useful anywhere eastern gamagrass is grown because plant development depends on the accumulation of specific quantities of heat. Therefore, it should be possible to predict when growth events should occur during a growing season regardless of differences in temperatures from year to year. However, it is possible that variation may exist among genotypes of eastern gamagrass for predicted life events using GDD, but chances are small considering the number of genotypes tested in our experiments.
Eastern gamagrass requires a 6 to 8-week rest period prior to a killing frost to allow shoots enough time to store carbohydrates and nutrients that aid in their winter survival. The average frost date at Woodward, Oklahoma is 15 October. Thus, the first week of September is the latest that a harvest should be made at Woodward.
In theory, it is possible to obtain five forage harvests near Brooksville, Florida, USA.
Based on mean daily temperature data, the first harvest would be at 675 cumulative GDD (3 April) and the fifth harvest would be at 3370 cumulative GDD (1 October).
The average frost date for this area of Florida is 9 December. The interval from 1 Octo-ber until 9 December would be ample time for plants to acquire sufficient nutrients to overwinter. In theory, five harvests are possible in central Florida; but, this is dependent on precipitation. The estimates of cumulative GDD are based on continuous plant growth. If drought occurs during the harvest interval and plants cease to grow, then the accumulation of GDD should cease as well. Once plant growth begins again, the accumulation of GDD could begin again. Accessing GDDs is another useful tool that forage producer can use in the production and management of eastern gamagrass in the USA and possibly elsewhere.
